ABSTRACT Research has shown that on exposure to low environmental temperature, neonatal chicks (Gallus gallus) show hypothermia and absence of gene transcript enhancement of putative thermogenic proteins, mitochondrial fatty acid transport, and oxidation enzymes. Various behavioral abnormalities may also decrease the thermogenic capacity of low-temperature-exposed neonatal chicks. Therefore, to investigate behavioral irregularities in low-temperature-exposed (20°C) neonatal chicks, we studied behavioral responses when compared with the control kept at thermoneutral temperature (30°C). Two-day-old chicks (n = 5) were exposed to either low or thermoneutral temperature for 3 h and were then immediately placed in an acrylic monitoring cage (40 × 30 × 20 cm). The monitoring cage was fitted with a 3-dimensional mirror (to prevent isolation-induced stress) and maintained either at 20 or 30°C. Behavioral responses were monitored for 10 min. Behavioral observations revealed that low-temperature exposure decreased distress vocalizations and spontaneous activity. Low-temperature exposure induced sleeplike behavior in neonatal chicks; active wakefulness was decreased while standing or sitting motionless with eyes closed or open and sleeping posture was significantly increased. In conclusion, there is evidence that on exposure to low-temperature, neonatal chicks decrease behavioral activity. Increased sleep-like behavior and decreased activity may reduce heat production in lowtemperature-exposed neonatal chicks and could potentiate the sensitivity to cold exposure.
INTRODUCTION
Maintenance of body temperature in a cold environment is crucial for survival in homeotherms. During cold exposure, adult birds actively regulate their body temperature and generate heat by upregulating their energy intake and metabolism. Although adult birds have a high tolerance for cold, neonatal chicks are particularly vulnerable to low temperature and cannot survive in cold environments without adequate shelter and heating. Compared with mammals that have brown adipose tissues, which play an important thermogenic role in newborns, no bird species have been shown to possess distinct stores of brown adipose tissue or a related type of thermogenic tissue (Johnston, 1971; Saarela et al., 1991) .
Neonatal chicks cannot maintain their body temperature in cold environments until they develop a capacity for thermogenesis and mature thermogenic organs (Duchamp et al., 2002; Hohtola, 2002; Nichelmann and Tzschentke, 2002) . The ability of the chicks to regulate body temperature during the posthatch period increases in an age-dependent manner (Tzschentke and Nichelmann, 1999) . Birds increase their capacity to regulate body temperature as size and maturity of the skeletal muscles and other organs increase that generate heat in response to decreasing body temperature (Aulie and Steen, 1976; Choi et al., 1993) . The development of thermoregulation is also promoted by a decrease in thermal conductance of the chick resulting from increased size and insulation of the body (Visser and Ricklefs, 1993) . We have recently found that on exposure to low temperature (20°C), gene transcripts of putative thermogenic proteins in muscle and mitochondrial fatty acid transport and β-oxidation enzymes in vital organs of neonatal chicks were unchanged, which possibly lead to decreased ability to maintain body temperature and resulted in hypothermia (Mujahid and Furuse, 2008a) . This inability to control body temperature on exposure to low temperature may result in various behavioral abnormalities.
Currently, no report is available regarding the effect of low-temperature exposure on behavioral responses in neonatal chicks. The decline in thermogenic capacity of newly hatched chicks to maintain body temperature on exposure to low temperature may be modulated by various metabolic and behavioral abnormalities, and vice versa. Therefore, we studied changes in body temperature and behavioral responses of neonatal chicks when exposed to low temperature (20°C).
MATERIALS AND METHODS

Experimental Procedures
Birds and Experimental Design. This experiment studied the effect of low-temperature exposure on behavioral responses in neonatal chicks. Layer-type 1-dold male chicks (Julia) were obtained from a commercial hatchery (Murata Hatchery, Fukuoka, Japan). The chicks were housed in individual cages at a constant temperature of 30 ± 1°C under continuous light and with ad libitum access to water and commercial starter diet (Toyohashi Feed Mills Co. Ltd., Aichi, Japan). Chicks were given an adjustment period of 1 d. At 2 d of age, chicks (n = 5) were exposed to low temperature, 20°C for 3 h, whereas control chicks (n = 5) were kept at thermoneutral temperature of 30°C. Chicks were provided ad libitum access to water and feed during exposure to low temperature. After 3 h, chicks were transferred to monitoring cages for behavioral studies.
Behavioral Studies
Chicks were placed in an acrylic monitoring cage (40 × 30 × 20 cm) fitted with a 3-dimensional mirror (to prevent isolation-induced stress). The acrylic monitoring cage was maintained either at 30°C (control group) or 20°C (low-temperature-exposed group) in the same room. Behavioral observations were made for 10 min immediately after transfer of chicks to the acrylic cage. During behavioral observations, chicks were deprived of feed and water. Chick vocalizations were recorded using a computer with the software Windows Media Player (Microsoft Corporation, Redmond, WA) and the number of distress vocalizations were counted using Gretchen software (Excla Inc., Iwatsuki, Japan). Video cameras were positioned to record the behaviors of chicks. Data were saved on a DVD disk for later review. Based on the method by van Luijtelaar et al. (1987) , chick behavior was classified into 4 categories: (1) active wakefulness, (2) standing/sitting motionless with eyes open, (3) standing motionless with eyes closed, (4) sitting motionless with head drooped (sleeping posture), by watching the DVD.
Experimental procedures followed the guidelines for animal experiments in the Faculty of Agriculture of Kyushu University and Law No. 105 and Notification No. 6 of the Japanese government that conformed to international guidelines on the ethical use of animals. All efforts were made to minimize pain or discomfort of the animals used and to minimize the animal number.
Core Temperature Core temperature of chicks was measured using a digital thermometer with an accuracy of ±0.1°C (Thermalert TH-5, Physitemp Instruments Inc., Clifton, NJ). A thermistor probe was inserted approximately 2 cm in the colon to measure core temperature.
Statistical Analysis
Data were analyzed using the SAS system (SAS Institute Inc., Cary, NC). Statistical significance of the difference was determined using Student's t-test for comparison of results from control and low-temperature-exposed groups. All data are expressed as mean ± SE. Differences were considered significant for values of P < 0.05.
RESULTS
Weight Gain, Feed Consumption, and Core Temperature
Weight gain and feed consumption did not change when chicks were exposed to low temperature for 3 h as compared with that of control chicks ( Figure 1A and 1B). As shown in Figure 2 , core temperature of neonatal chicks decreased significantly after 3 h of lowtemperature exposure (P < 0.05). Figure 3 shows the effect of low-temperature exposure on spontaneous activity and distress vocalizations in neonatal chicks. Spontaneous activity ( Figure 3A ) and distress vocalizations ( Figure 3B ) significantly (P < 0.05) decreased following low-temperature exposure as compared with that of control chicks kept under thermoneutral condition. Figure 4 shows the effect of low-temperature exposure on various behavioral categories of chicks during the 10-min behavioral observations. The time for active wakefulness significantly (P < 0.05) decreased, whereas it increased for sleep-like behavior. Time for sitting motionless with head drooped, standing motionless with eyes closed, and standing/sitting motionless with eyes opened significantly increased (P < 0.05).
Behavioral Responses
DISCUSSION
The response of neonatal chicks to low-temperature exposure (20°C) was not reflected in the changes of weight gain or feed consumption, even though core temperature was significantly decreased. We confirmed that neonatal chicks were unable to maintain thermostability in low environmental temperature, even though feed was available. Furthermore, chicks showed no increase in compensatory feed intake on low-temperature exposure in an attempt to maintain heat production.
Animals cope with low-temperature exposure by maintaining constant body temperature through a cellular metabolic activation, which is dependent on the sympathetic nervous system (SNS) and the hypothalamo-pituitary-adrenal (HPA)/thyroid (HPT) axes. The SNS can alter feed intake and BW through the central and peripheral nervous systems in mammals (Bray, 1991; Ravussin, 1995) . In chickens, epinephrine and norepinephrine (NE) are involved in feed intake. Intracerebroventricular injection of epinephrine increased feed intake, whereas NE showed no such effect (Denbow et al., 1981) . However, injection of NE into brain sites including the paraventricular nucleus stimulated feed intake (Denbow and Sheppard, 1993) . On the other hand, central administration of NE suppressed feed intake with narcolepsy in neonatal chicks (Bungo et al., 2001 ). Exposure of chickens to cold has been reported to increase circulating epinephrine and NE (Lin and Sturkie, 1968) . In the present study, lowtemperature-exposed neonatal chicks were unable to increase feed intake or homeothermy, or both. Some of the possible reasons might be the NE-induced decreased spontaneous activity or increased sleep-like behavior on low-temperature exposure, or both, resulting in decreased behavioral thermogenesis.
Cooling causes unpleasant sensations and thermal discomfort. This discomfort may be a distraction factor reducing the physical activity and performance of birds. Therefore, we studied the behavioral responses of neonatal chicks on exposure to low temperature because behavior is the ultimate index of suitability of an environment. In this experiment, the chicks were exposed to low temperature for 3 h because chicks show a decrease in core temperature after 3 h of low-temperature exposure. Our focus on the behavioral responses was to test whether distress vocalizations and movements would be affected in response to low-temperature exposure. The results of the present study showed that spontaneous activity and distressed vocalizations were decreased after low-temperature exposure. These responses may help to reduce their energy expenditure and conserve energy to accomplish behavioral thermoregulation. Core temperatures of immature chicks rose during immobilization, induced by simulated predation, and fell rapidly when immobilization terminated (Rovee-Collier et al., 1991) . In the present study, we used mirrors in the acrylic cage to prevent the induction of isolationinduced stress during behavioral observations because the HPA axis has been reported to be activated by isolation-induced stress (Feltenstein et al., 2003) . Corticotropin-releasing factor, which is the core activator of the HPA axis, induces hyperthermia, tissue-specific oxidative damage, and plays a putative neuroprotective role in neonatal chicks (Tachibana et al., 2004; Furuse 2008b,c, 2009 ). Therefore, in addition to the effect of cold, prevention of isolation-induced stress in the present study might have inhibited neonatal chicks to induce behavioral thermogenesis by HPA activation and ultimately resulted in decreased core temperature on exposure to low temperature.
Exposure to low temperature significantly reduced the time for active wakefulness, whereas it increased time for sleep-like behavior. Time for sitting motionless with head drooped, standing motionless with eyes closed, and standing/sitting motionless with eyes opened was increased (Figure 4) . Sleeping posture and sitting motionless with eyes closed have been reported to be associated with electrophysiological sleep (90.5% of the time, van Luijtelaar et al., 1987) . A polygraphic study of the states of vigilance in the young chicks showed that at hatching, 3 stages of vigilance were present and their polygraphic characteristics were similar to those of the adult (Saucier and Astic, 1975) . Their quantitative data showed a relative immaturity of the young chicks because percentages of paradoxical sleep and slow wave sleep were high in the first 8 h after hatching. Therefore, the results for sleeping posture in 2-dold chicks (used in the present study) would indicate electrophysiological sleep.
The activation of SNS on exposure of neonatal chicks to low temperature might have some role in such behavioral responses. Arancibia et al. (1996) reported that NE was the main neurotransmitter mediator of the HPT axis activation in response to cold exposure; however, in neonatal chicks, thermoregulatory response may be activated by the HPT or HPA axis, or both (Decuypere and Scanes, 1983; Takahashi et al., 2005) . In fact, in neonatal chicks, NE may work under lowtemperature exposure to influence behavioral responses as observed in the present study. Cold exposure results in elevated NE level in chickens (Lin and Sturkie, 1968) as a result of SNS stimulation. Enhanced SNS activity also increases the secretion of dopamine. However, the role of dopamine with regard to peripheral autonomic nervous system activity has been merely considered as the precursor of NE. Zhang et al. (2003) showed that NE decreased the spontaneous activity and distress vocalizations and increased the time for sleeplike behavior. Norepinephrine has also been reported to decrease body temperature (Denbow et al., 1981) and induce behavioral sleep, lower body temperature, blood pressure, and oxygen consumption (Marley and Stephenson, 1970) . The results of the present study revealed that the low-temperature exposure resulted in decreased physical activity, induction of sleep-like behaviors, and a decrease in core temperature of neonatal chicks. Therefore, we can speculate that the NE may mainly function in neonatal chicks under low-temperature exposure, a hypothesis that needs to be confirmed in future studies.
In conclusion, there is evidence that on exposure to low temperature, neonatal chicks decrease behavioral activity. Increased sleep-like behavior and decreased activity may reduce heat production in low-temperature-exposed neonatal chicks and could potentiate the sensitivity to cold exposure.
